C urrently, an increasing number of patients undergoing coronary artery bypass grafting (CABG) have previously been treated with percutaneous coronary intervention (PCI). A recent study from the Society of Thoracic Surgeons 2018 Adult Cardiac Surgery Database showed that 28.9% of patients who underwent isolated CABG had a prior PCI, which was performed before the index hospitalization in 25% of patients. 1 This figure has increased as compared with the previous decade, when the overall prevalence of prior PCI in the Society of Thoracic Surgeons 2008 Adult Cardiac Surgery Database was 21.3%. 2 Analysis of patients who had surgery in 2015 from the E-CABG registry (European Multicenter Study on Coronary Artery Bypass Grafting), showed that 21.9% of patients had a history of prior PCI and 18.8% underwent isolated CABG >30 days after PCI. 3 This study showed that prior PCI was not associated with worse early outcome. 3 However, the accompanying meta-analysis including 71 366 patients from 8 studies showed a trend toward higher in-hospital/30-day mortality (adjusted odds ratio [OR], 1.30; 95% confidence interval [CI] , 0.99-1.70) in patients with prior PCI. However, some of the available studies were potentially biased by the lack of adequate adjustment for important confounders. Multiple prior PCI procedures and multiple treated vessels could hypothetically be associated with worse outcome, but scarce data exist to substantiate this. 4 We sought to investigate this issue in patients who had surgery from 2015 to 2017 from the E-CABG registry.
Methods
The E-CABG registry is a prospective, multicenter study that enrolled patients undergoing isolated CABG at 16 European centers of cardiac surgery in Finland, France, Italy, Germany, Sweden, and the United Kingdom. The study is registered in Clinicaltrials.gov (Identifier: NCT02319083). The detailed protocol and definition criteria have been previously published. 5 This study was approved by the Institutional Review Board of the participating centers. Informed consent was obtained when required by the Institutional Review Board; otherwise, it was waived. Because of restrictions in sharing patient information, the data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure. This registry included 7352 consecutive patients who underwent isolated CABG at the participating hospitals from January 2015 to May 2017. Patients who underwent any other concomitant procedure on the heart valves, ascending aorta, and ventricular wall were not included in this registry. Data were collected prospectively and underwent checking of its quality. For the purpose of this study, only patients with complete data on the timing and number of PCIs and vessels treated and on the SYNTAX (Synergy Between PCI With Taxus and Cardiac Surgery) score were included in this analysis. Patients who underwent PCI ≤30 days from CABG were excluded from this study because indication for surgical revascularization might be related to acute complication of PCI or severe ischemia not successfully treated by PCI.
Outcomes
Hospital/30-day death was the primary outcome of this study. Secondary outcomes were 1-year all-cause mortality, length of stay in the intensive care unit, stroke, postoperative use of intra-aortic balloon pump and/or extracorporeal membrane oxygenation, acute kidney injury, renal replacement therapy, and E-CABG bleeding grades 2 to 3. Postoperative acute kidney injury was defined according to the KDIGO (Kidney Disease: Improving Global Outcomes) criteria. 6 E-CABG bleeding grades 2 to 3 was defined as bleeding requiring reoperation or transfusion of >4 units of red blood cells. 5 The definition criteria of the other outcomes were previously published. 5 
Statistical Analysis
Statistical analyses were performed using SPSS version 24.0 (IBM Corporation, New York, USA) and Stata version 14.2 (StataCorp LLC, TX, USA) statistical software. The MantelHaenszel, Kruskal-Wallis, and Kaplan-Meier tests were used for univariate analysis of baseline and operative data as well as outcomes of the study cohorts. Logistic, linear, and Cox proportional hazard regression analyses were performed to evaluate the impact on the outcomes of increasing numbers of prior PCIs as well as main coronary vessels treated by PCI. Regression models assessing the outcomes in patients with increasing number of PCIs were adjusted by the following baseline risk factors, which significantly differed between subgroups of patients: age, body mass index, dialysis, anemia, pause of P2Y12 receptor inhibitors <5 days before surgery, diabetes mellitus, prior cardiac surgery, urgency of the procedure, SYNTAX score, off-pump surgery, and number of distal anastomoses. Similarly, regression models assessing the outcomes in patients with an increasing number of main coronary vessels treated by PCI were adjusted by the following baseline risk factors, which significantly differed between subgroups of patients with increasing number of prior PCIs: age, female sex, dialysis, pause of P2Y12 receptor
Clinical Perspective
What Is New?
• Multiple prior percutaneous coronary interventions do not increase the risk of early adverse events after isolated coronary artery bypass grafting.
What Are the Clinical Implications?
• Although the present results are conditional to survival after percutaneous coronary intervention, a policy of multiple percutaneous coronary interventions does not compromise the early outcome of an eventual isolated coronary artery bypass grafting.
inhibitors <5 days before surgery, diabetes mellitus, prior cardiac surgery, urgency of the procedure, SYNTAX score, offpump surgery, and number of distal anastomoses. The observed number of events was divided by the risk-adjusted expected number of events to produce observed-to-expected ratios. The risk-adjusted expected number of events was estimated by logistic regression with backward modality. Early adjusted mortality rates for each subgroup was estimated by multiplying the observed-to-expected ratio by the mean outcome rate. All tests were 2-sided, and P<0.05 was set for statistical significance.
Results
The flow chart of patient selection of this study is depicted in the Figure Among 5812 patients without prior PCI, 5382 patients had data on preoperative SYNTAX score (92.6%). Among 1309 patients who underwent CABG >30 days after PCI, 1181 patients (90.2%) had complete data on the timing and number of PCIs as well as on preoperative SYNTAX score ( Figure) .
When adjusted for baseline covariates listed in Table 1 along with surgical technique, bilateral internal mammary artery grafting and number of distal anastomoses, patients undergoing CABG after any prior PCI did not have an increased risk of hospital/30-day (1.7% versus 1.9%; adjusted P=0.8), intermediate mortality (1-year mortality, 3.6% versus 3.5%; adjusted P=0.9), stroke (1.0% versus 1.2%; adjusted P=1.0), length of intensive care unit stay (mean 2.8AE3.6 versus 2.9AE4.5 days; adjusted P=1.0), postoperative insertion of intra-aortic balloon pump and/or extracorporeal membrane oxygenation (3.3% versus 4.9%; adjusted P=0.1), KDIGO acute kidney injury (21.3% versus 22.8%; adjusted P=0.2) and dialysis (1.8% versus 1.8%; adjusted P=0.8), but they showed a trend toward increased risk of severe/massive bleeding (7.8% versus 6.4%; adjusted P=0.06; OR 1.284, 95% CI, 0.989-1.667).
Number of Prior PCIs and Outcome After CABG
A single PCI was performed in 759 patients (11.6%), 2 PCIs in 287 patients (4.4%), and ≥3 PCIs in 135 patients (2.1%) ( Table 1 ). The operative risk was higher, particularly in patients who underwent ≥3 PCIs. The crude hospital/30-day mortality rates in these study cohorts were 1.9%, 1.6%, 1.4%, and 3.0%, respectively (Table 2) . Early mortality and other outcomes were not significantly different in the study cohorts either in univariate and multivariable analyses ( Table 2) . 
Number of Coronary Vessels Previously Treated by PCI and Outcome After CABG
For the purpose of this study, the coronary system was divided into 3 main coronary vessels: the left anterior descending coronary artery, the circumflex coronary artery, and the right coronary artery. PCI was considered multiple when performed in >1 of these main coronary vessels. For the sake of simplicity and because of the small number of such cases (64 patients, 1.0%), PCI of the left main coronary artery was considered as a procedure involving 2 main coronary vessels. PCI of a single main coronary vessel was performed in 741 patients (11.3%), of 2 main vessels in 320 patients (4.9%), and of 3 main vessels in 106 patients (1.6%) ( Table 3 ). The crude hospital/30-day mortality rates in these study cohorts were 1.9%, 1.6%, 1.3%, and 3.8%, respectively (Table 4) . Despite an increased Euro-SCORE II, particularly in patients who had undergone PCI of all 3 coronary vessels, differences in early mortality and other outcomes were not significantly different in the study cohorts in univariate and multivariable analyses (Table 4) .
Adjusted Rates of Hospital/30-Day Mortality
Logistic regression identified age (P<0.001), female sex (P=0.001), urgency of the procedure (P<0.0001), the SYNTAX score (P=0.003), left ventricular ejection fraction ≤50% (P<0.0001), critical preoperative state (P=0.005), ST-elevation myocardial infarction (P<0.0001), and estimated glomerular filtration rate (P<0.0001) as independent predictors of hospital/30-day mortality. When outcome was adjusted by these independent risk factors, the adjusted hospital/30-day mortality rate was 1.8% in patients without a history of prior PCI, 1.9% in those who underwent 1 PCI, 1.4% after 2 PCIs, and 2.5% after ≥3 PCIs (adjusted P=0.8). The adjusted hospital/30-day mortality rate was 1.8% in patients without a history of prior PCI, 2.0% in those who underwent PCI of 1 main coronary vessel, 1.3% after PCI of 2 main vessels, and 3.1% after PCI of 3 main vessels (adjusted P=0.6).
Outcomes in Patients With Recent Exposure to P2Y12 Receptor Inhibitors
In view of the increased prevalence of exposure to potent antiplatelets in patients with prior PCI (Tables 1 and 3 ), a pause of P2Y12 receptor inhibitors less than 5 days before surgery was included in all adjusted analyses of this study. When adjusted for the number of prior PCIs and all risk factors listed in the Statistical Analysis section, a pause of P2Y12 receptor inhibitors <5 days before surgery was not associated with increased risk of early death (P=0.5), 
Discussion
The E-CABG registry is a prospective, multicenter study, which was designed to specifically address the impact of prior PCI on the outcome after CABG by collecting data on the timing, type, and number of PCIs, along with the severity of coronary artery disease quantified by the SYNTAX score. This analysis showed that early outcomes of patients undergoing isolated CABG are not jeopardized by multiple prior PCIs. Although we decided to exclude patients undergoing CABG soon after PCI, analysis of this larger series adjusted for EuroSCORE II also showed that CABG performed soon after PCI can be performed without increased risk of death. Overall, these findings have important clinical implications, as CABG is performed in a large number of patients with prior PCI 7 and seems to be a valid revascularization strategy even after failure of multiple stents and/or progression of coronary artery disease. Importantly, patients who had a history of ≥3 prior PCIs or in whom PCI was performed in all 3 main coronary arteries had a significantly higher estimated operative risk compared with patients without a history of prior PCI and to those with a history of 1 or 2 prior PCIs (Tables 1  and 3 ). Despite their incremental estimated operative risk, the rates of adverse events in these patients was numerically higher than those of the other study cohorts, but the difference did not reach statistical significance (Tables 2  and 4 ). Data on the prognostic impact of multiple PCIs are scant. Thielmann et al 8 showed that multiple prior PCIs increased the risk of early mortality and major cardiac and cardiovascular events in a single center series. The same authors evaluated the impact of multiple prior PCIs in patients undergoing CABG from a large multicenter series. 4 The authors demonstrated that ≥2 prior PCIs were associated with significantly increased risk of in-hospital mortality (adjusted OR, 2.02; 95% CI, 1.36-2.99) and major cardiac and cardiovascular events (adjusted OR, 1.51; 95% CI, 1.17-1.93) after CABG. Similar findings were observed in propensity score matching analysis, even if the authors did not report the characteristics of the matched populations. However, this study most likely also included patients who underwent CABG early after PCI, and this might introduce a bias related to the characteristics of patients with early PCI failure. Importantly, patients were operated on from 2000 to 2005, and PCIs were performed with previous generations' stent technology and secondary prevention strategy. Furthermore, that study was retrospective and the outcome of patients was not adjusted for the extent of coronary artery disease. Indeed, the present study showed that SYNTAX score was an independent predictor of hospital/30-day death and therefore is a confounding factor in the analysis of the outcome of these patients.
A few studies showed that multiple prior PCIs do not have an impact on early mortality. Mannacio et al 9 showed that multiple PCI was not associated with increased risk of hospital death, but it increased the risk of major cardiac and cardiovascular events. However, the authors reported an increased risk of 5-year mortality and 3-year cardiac mortality in patients with multiple prior PCIs. 9 In the study by Stevens et al, 10 30-day mortality after CABG was no different in patients with 1 versus multiple PCIs (1.2% versus 0.9%; P=0.8).
In this study, we observed that patients with an increasing number of prior PCIs and branches treated had an increased prevalence of pause of P2Y12 receptor inhibitors <5 days before CABG, which did not affect the early and intermediate survival, but significantly increased the risk of postoperative acute kidney injury and severe bleeding. Indeed, a trend toward increased risk of severe/massive bleeding was also observed in patients with any prior PCI compared with those without a history of PCI (7.8% versus 6.4%; adjusted P=0.06; OR 1.284, 95% CI, 0.989-1.667). Such complications may in turn unfavorably impact the late outcome of these patients.
The present study has several limitations. First, despite the fact that this is a large multicenter study, it is not powered to detect differences in the outcome of patients who previously underwent >1 PCI or in whom PCI was performed in 2 or 3 main coronary arteries. Second, we do not have any information on the length of stented vessels, which might have an impact on the feasibility of surgical revascularization as well as on the choice of grafts and site of anastomosis. Third, these outcomes were adjusted for the SYNTAX score, but most likely this angiographic score may not define to what extent the side branches and collateral circulation was affected by PCI. Fourth, these findings may not apply to patients undergoing CABG combined with heart valve and/or aortic procedures. In fact, exclusion of side branches and collateral circulation during PCI may have clinical significance in terms of myocardial protection in patients undergoing combined surgical procedures and requiring prolonged aortic cross-clamp time. Still, occlusion of side branches occurring after PCI is often clinically silent and occluded branches can be found patent at later angiography. 11 Fifth, the short follow-up of this series does not allow an analysis of the longterm impact of multiple prior PCIs in these patients. Finally, the present results are conditional to survival after PCI and should not be viewed as a support for a policy of multiple PCIs as opposed to earlier CABG.
In conclusion, this prospective, multicenter study specifically addressed the impact of prior PCIs and showed that having undergone multiple prior PCIs is not associated with poorer early outcome in patients undergoing isolated CABG.
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